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ABSTR4CT

-

The principal objectives were: (1) the determination of total gamma-radiation dose and dose-
ra. e histories aboard three moored ships (destroyers) exposed to radiological environments
at locations of possible operational interest about the surface zeros of two underwater nuclear
detonations, Shots Wahoo and Umbrella; (2) estimation of remote-source gamma-radiation
dose and dose-rate histories at exposed weather-deck locations aboard ship; (3) estimation of
total gamma-radiation dose and dose -ra?e histories in the water adjacent to the ships; and (4)
measurement of gamma-ionization decay of a fallout sample collected on one ship a few minutes
after each shot.,

The ships, which were equipped with operating ~ashdown sYstems, were instrumented with
ftim badges and gamma- intensity -tinle recorders (G~R’.s). The film badges and unshielded
GITR’s supplied radiation data at locat~ons representing major battle stations; GITR’s sub-
merged in the water supplied some data on underwater radiation; and a fallout collector con-
nected to a fully shielded GITR supplied gamma-ionization decay data.

Radiation histories were obtained on only one ship for Shot Wahoo. Although histories were
obtained on all three ships for Shot Umbrella, some data was lost because of shock damage.

At least 95 percent of the total dose observed on the washed weather decks was attributed
to radiation from airborne radioactivity. After Shot Umbrella, weather-deck dose accumula-

tion (to 75 percent of final values) ranged between 600 r received within H +26 seconds at 1,900&
feet from surface zero and 50 r received within H + 150 seconds at 7,900 feet from surface zero.

I
After Shot Wahoo, the dose accumulation was slower, but the final deck doses were about 300 r

!

higher, despite the fact that the ships were from 1,000 to 2,000 feet farther away from surface
zero than was the case for Shot Umbrella. For nuclear -weapon-delivery situations simulated
by the two closer-in ships, temporary immobilization could result in lethal or near-lethal doses.

Mter Shot Wahoo, the majority of compartments received doses in excess of 500 r aboard

1 the closest ship and in excess of 200 r aboard the next-to-closest ship. After Shot Umbrella,

> i the two ships received doses in excess of 200 r in many compartments.7,
Ratios of dose or dose rate in compartments to dose or dose rate on washed weather decks

I were dependent upon changes in radiation-source geometries and upon the presence of contami-

1

nants within the ships. The long-term dose ratios ranged between 0.1 and 0.7 for nonmachinery
spaces, and between 0.02 and 0.2 for machinery spaces.

Although radiation from the water may have influenced the compartment/deck dose-rate
ratios to a considerable degree at later times, the contribution of contamimted water to the
total dose observed aboard the ships was probably of little significance.

After Shot Umbrella, gamma- ionization decay was measured for the per iods between H+ 0.1
and 11,5 hours and between H+23.O and 34.9 hours. No decay measurements were obtained for
Shot Wahoo.
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FOREWORD

This report presents the final results of one of the projects participating in the military -ef:eci
programs of Operation Hardtack. Overall information about this and the other milltary -ef!cc;
projects can be obtained from ITR– 1660, the “Summary Report of the Commander, Task Uni~
3.” This technical summary includes: (1) tables listing each detonation with its yield, typt,
environment, meteorological conditions, etc. ; (2) maps showing shot locations; (3) discussion
of results by programs; (4) summaries of objectives, procedures, results, etc., for all pro]ect.~:
and (5) a listing of project reports for the military-effect programs.

PREFACE

Project 2.1 gratefully acknowledges its indebtedness to the following organizations and per-
sonnel for their contributions to the project:

W. B. Lane, U. S. Naval Radiological Defense Laboratory, for the general concept and de-
tails he developed for collection of early-time decay samples.

R. K. Fuller, Project 2.2, for implementing the collection and handling of the early decay
sample in the field.

Task Unit 6 of Task Group 7.1, for furnishing and processing the 1,700 film badges used
for technical measurements.

Personnel of Task Element 7.3.1.5, the Task Group 7.3 Decontamination Unit, who showed
a high degree of initiative and cooperation in installing the film badges aboard ship, in sample
recovery, and in sorting and handling the many film badges required.

The officers and crews of the Task Group 7.3 Special Projects Unit, who manned the three
target ships, for their frequent and cheerful assistance in maintaining support equipment, ac-
complishing repair and alteration work, and furnishing work parties when requested.

F. K. Kawahara, Project 2.2, for much needed help in reducing the gamma-radiation data
required for the final report.
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Chapter 1

IXTRODUCTICX

1.1 OBJECTWES

The principal objectives were: (1) the determination of total gamma-radiation dose and dose-

rate histories aboard three moored ships (destroyers) exposed to radiological environments at
locations of possible operatioml interest about the surface zeros of two underwater nuclear det-
onations, Shots Wahoo and Umbrella; (2) estimation of remote-source gamma-radiation dose and
and dose-rate histories at exposed weather-deck locations abcard ship; (3) estimation of total
gamma-radiation dose and dose-rate histories in the water adjacent to the ships; and (4) meas-
urement of gamma-ionization decay of a fallout sample ccllected on one ship a few minutes after
each shot.

An additional objective was the provision of preproduction evaluation, production liaison,
instrument-maintenance consultation, and a field maintenance facility for all projects using
GITR’s developed by the U.S. Naval Radiological Defense Laboratory (NRDL).

1.2 TERMINOLOGY

In this report, total gamma-radiation dose indicates the combined contributions of all radi-
ation sources that affect the detectors. Doses and dose rates are specified to apply to air ab-

sorption only.

1.3 BACKGROUND AND THEORY

It is of interest to the Navy to find out whether the minimum safe standoff distance for anti-
submarine nuclear-weapon-delivery ships is determined by radiological effects or by physical
damage. (Standoff distance is defined as the distance of surface zero from the ship at the time
of detonation. ) Each ~ctlcal maneuver by the ship, during and after delivery Of the WeapOn,

will have assoc i.ated with it physical shock and radiation effects. For a given weapon detonated
under a specific set of environmental conditions, the shock effects will be chiefly dependent
upon the ship’s position and orientation with respect to surface zero at the time of shock arrival,
whereas the radiation effects wm be dependent upon integration (with respect to time) of the
shipboard dose rates received at each position along the entire track of the ship.

Because it was not feasible to have the test ships actually perform representative tactical
maneuvers in the radiologic~ environments, doses for such maneuvers were not measured

dwectly. The alternative was to obtain data for spec ffic locations, which would be useful for
the c~c~ation of dose rates ab~rd ships performing maneuvers in hypothetical weapon de-
Ilseries,

Parameters of interest in determinations of shipboard dose rates include: (1) the magnitudes

of radiation sources on tie surfaces of the ship, in the surrounding and remote air, and fn the
Stll’rounding ~d remote water; (2) the ingress of contamfints ~to tie ~terior of the ship; and
(3) the attenuation afforded by the ship’s structures or machinery with respect to the several



radiation sources. Some of these parameters have W( r :11[‘ ]( L~,:, miestl~ated, principally

for other than underwater-detonation conditions.
In past calculations of shipboard radiation attenuati( r,, th~ n.’i:or emphasis has been gi~en

to residual contamination on ships’ weather surfaces (Re:erenc~ 1 I, vnth some work done for
a ship enveloped in a radioactive volum? of air (Refer[ nc e 2), ;assumin~ monoenergetic gamma

radiation and uniform contamination in an idealized gel ,rnetr~ (Shielding calculations are in

progress at NRDL, which for both residual contaminant and remet e- source radiation take the
entire radiation-energy spectrum into account and whit 1: eliminate much of the need for ideal-
ized geometries in the case of remote-source radiation..

Gamma radiation from sources outside a ship has been investigated during various phases
of the fallout environment from land-surface and water - surface megaton-range detonations
during Operations Castle (Reference 3) and Redwing (Reference 4) and, to a Yen-limited ex-
tent, during Operation Wigwam. (Reference 5) for a deep-underwater detomtion, using Liberty
ships (YAG’s 39 and 40) as the test vehicles.

The experimental results from Operations Castle, Redwing, and Wigwam indicated that at-
tenuation factors inside ships were dependent not only upon the geometries of the ships’ struc-
tures but also upon: (1) the geometries and relative magnitudes of the various radiation sources,
which depend upon detonation conditions and also change with time; and (2) the gamma-energy
spectra, which are functions of time and weapon design.

.’“....

$}
,.*. .
..,,,.-.
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Chapter 2

PROCEDURE

2.1 TARGET SHIPS

The positions and orienhtions of the target destroyers (DD’s) were chosen by the Defense

Atomic Support Agency (DASA), based upon compromises of requirements from the many proj -
ects utilizing the ships (Figures 2.1 and 2.2). The three distances of the ships from surface

zero (SZ) were expected to represent regions of moderate shock damage, moderate to light

shock damage, and light to no shock damage to the ships of their equipment. The innermost
and outermost ships were oriented with their sterns toward surface zero in order to simulate
probable escape maneuvers. The middle ship was oriented with its starboard side toward sur-

face zero to meet requirements of other projects.
The ships were located on a line downwind from surface zero in order to maximize the radio-

logical effects for a given distance from surface zero. They were expected to receive varying
amounts of radiation contributed by the plume, cloud, and weapon debris trapped in the water

near surface zero. b addition, they were expected to be contaminated to varying degrees by
the fallout.

The ships were subjected to continual washdown during the dynamic radiological events,
because shipboard operations by the various participating projects would have been hampered
by the expected high levels of residual contamination. (Washdown is a standard countermeasure
aboard naval ships and would normally be used during fallout or other contaminating events. )

Each ship had forced-draft blowers supplying air to one fired boiler fn the forward fireroom
in order to supply power needed to meet the operational or experimental requirements of vari-

ous projects. The experimental ingress studies of Project 2.2 aboard DD 592 also required
the operation of forced-draft blowers supplying air to one unfired boiler in the aft fireroom and
the operation of ventilation systems supplying air to various compartments (Reference 6). The
~gress of these a~ supplies co~d be expected to create various gamma radiation sources it’l-

slae the ships and to influence the radiation fields at various stations under investigation by this
project,

2.2 ~STR~ENTATION

The gamma-radiation dose rates and doses aboard the three ships were measured with GITR
~:$trumen~tion and st~d~d ~d-+%.fe film badges. The shipboard areas selected for investi-
@tlon represented or simulated major battle stations aboard modern destroyers.

2.2.1 Gamma-ktensity- Time Recorders (GITR’s). Portable, self-contained, battery-
Powered GITR’s were developed as part of NRDL’s laboratory program. The GITR consisted
of a detector unit and a recorder unit (Appendix A). The detector unit could be mounted inside
the recorder unit case, or it could be mounted separately and connected to the recorder unit
with a waterprmf cable.

I
The detector unit cons~ted of two concentric ionization chambers with associated recycling

electrometers. Discharge of the initially charged ionization chamber by a predetermined quan-
tity of ionizing radiation, triggered the electrometer circuit, which sent a pulse to the record-
W unit and recwged the ionization chamber to complete the cycle.

The p~ses were recorded as on-off ~ormation on magnetic tape in the recorder unit. Three



channels of information were recorded on each tape; the equivalent of at least three decades of
radiation dose rates could be recorded linearly on each of two channels, and Iow-frequcnc}
timing pulses were recorded on the third channel. The various recorders were started either

manually or by the activation of a relay system connected to an Edgerton, Germe shausen and
Grier, Inc. (EG&G) radio timing-signal receiver installed on each ship. The recorder shut
itself off automatically when the end of the tape was reached.

The nominal dose-rate ranges of various GITR’s are presented in Table 2.1.

2.2.2 GITR Installations. Figure 2.3 presents the location and desigmtion of GITR detector

stations used by Projects 2.1, 2.2, and 2.3 aboard the ships. Unshielded GITR detector units

were mounted on weather decks and in several compartments in order to obtain the total radi-
ation fields at these locations. Each ship also had three specialized GITR stations: (1) Station

14 was directionally shielded against radiation sources aboard the ship, to Permit estimation
of remote-source radiations; (2) Station 15 was suspended in the water to measure radiation in
the nearby water; and (3) Station 16 was modified to a higher dose-rate range to prevent loss of
data in case the standard GITR’s became saturated. GITR Stations 1 through 16, on all three

ships, were of specific concern to this project, although data from other stations was utilized

as required.
With the exception of Stations 18 and 21 aboard DD 474 and DD 593 during Shot Umbrella and

Stations 15 aboard all three ships during both shots, the detector units were separated from the
recorder units. All detector units and all recorder units were spring-mounted to prevent dam-
age from shock. III compartments where temperatures exceeded 120 degrees F (Stations 9, 10,
11, 12, and 13), the detector units were water cooled to prevent damage by heat. Approximately
O.1-inch-thick aluminum was used to: (1) cover each exposed weather-area station as a whole,
to provide protection, and (2) jacket the detector itself in the interior stations, to obtain similar
energy response characteristics. The centerpoint of each detector’s sensitive volume was lo-

cated 3 feet above the deck on which the station was mounted, except in the specialized GITR
Stations 14, 15, and 16.

The modified detector in Station 16 was located 9 feet above the 02 deck to ensure a clear
view of all radiation sources, independent of ship orientation. The detector Ln Station 14 (3.3
feet above the main deck) was encased by 4-inch-thick lead, which shielded against radfat ion
from sources on the ship or in the nearby water but permitted a clear view of surface zero and
the sky overhead.

Figures 2.4 and 2.5 show general details of GITR mounting and cooling.
The underwater Station 15 was suspended from a boom extending over the ship’s fantail.

After the underwater shock waves had passed the ship, the instrument container was meant to
be submerged to a depth of 11 feet by means of a winch-release-and-braking mechanism, acti-
vated by a delayed relay-closure from the GITR starting circuit. The detector unit was mounted
inside the recorder unit case; the whole GITR unit, with detector facing upward, was firmly pad-
ded with expanded polystyrene and placed into the instrument container (Figure 2.6).

2.2.3 Gamma-Ionization Decay Unit. This unit consisted of a fallout-sample collector, an
acid-wash unit, a delivery tube, a polyethylene sample container, a GITR, and a 6-inch-thick
lead cave (Figure 2.7).

The sample collector was a polyethylene tray set inside a Project 2.3 open-close collector

(OCC) mounted on the unwashed platform on top of the gun director of DD 592 (Reference 7).
A perforated stainless-steel tube was attached to the inside edge of the tray to permit spraying
the tray with the acid wash. A 7,-inch tygon tube, protected by flexible metal conduit, connect-
ed the tray’s drain hole with the sample container inside the lead cave, which was mounted on
the main deck of the ship.

The GITR detector was installed in the central cavity of the double-walled sample container
so that the fallout sample presented at least a 3-~ geometry to the detector. The detector and
the sample container were surrounded by foam rubber to prevent damage by shock, and the
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sample container was provided with an overflow tube to prevent damge by hydrostatic pressure.
An EG&G radio timing signal activated the timing circuit to (1) Start the GI’TR at H– 5 min-

utes: (2) open the cover of the OCC at H–O.5 minute; (3) close the cover of the OCC at H.4

minutes; and (4) wash the tray with 750 cc of concentrated hydroctioric acid at H + 5 minutes.
The combined acid-and-fallout sample drained into the sample container and remained undis-
turbed for 53 hours, during which time two 12-hour records of gamma dose rate were obtained.
The time period chosen for fallout collection was based upon estimates of the time required to
coilect a sufficiently large sample of fallout in a short time so as to start decay measurements
as early as possible.

2.2.4 GITR Calibration and Maintenance. Primary calibration of the GITR detectors had

been performed with an accurately calibrated Co60 source at NRDL. At the Eniwetok Proving

Ground (EPG), the project used 120 curies of Csi37 “m a lead-shielded source holder mounted

in a trailer for calibration of GITR’s. The field calibrations with the CS137 source were re-

lated to the primary Co60 calibrations by means of Victoreen 70A r-meters (known to be accu-

rate within * 5 percert), which were utilized as transfer standards. The detectors were held
in a fixed orientation in the broad-beam radiation field by means of a jig. However, the chosen
orien~tion— which was used in order to innure reproducibility-led to biased calibration, be-

cause the directional responses of the detectors were not uniform. The responses to various
gamma energies between 0.07 and 1.3 Mev were determined by means of filtered X-ray beams,
~~:x sources, and CoGb sources. The se responses u’ere used to estimate calibration-bias

corrections for various assumed rad~tion-source geometries and gamma spectra. The details
are given in Appendix B.

The field maintenance facility consisted of a dehumidified rcmm equipped with tool kits, stand-
ard test equipment (oscilloscopes, and the like), and portable beta-radiation sources. The air-

conditioned calibration traiier also contained tool kits and standard test equipment in addition
to the gamma- calibrat ion range. These facilities were established for use by all projects uti-

luing the NRDL GITR’s.

2.2.5 Film Badges. The GITR gamma-dose measurements were augmented by the use of
film badges. Approximately 1,700 standard Rad- Safe film-badge packets were supplied and
processed by Task Unit 6 (TU-6).

The standard Rad-Safe film pack consisted of two films: (1) DuPont 502, covering the dose
range between 0.1 and 20 r; and (2) DuPont 834, covering the dose range between 10 and 1,200 r.
The fflms were partially covered by lead strips 0.028 * 0.002 inch thick, to discriminate against

be-a radiation, thereby permitting determination of gamma dosage. The exposed film was given
5-minute development, wit h 4.5-minute agitation, in Eastman X-ray film developer at 68 de-
grees F. The developed film under the lead strip was read with an Eberline-Angus densitometer

at the EPG and reread with a Macbeth-Ansco densitometer at NRDL, which permitted seaming
the film for da~ge, pinholes, etc.

The film-badge packets were used in pairs in order to obtain statistical estimates of random
errors. Four to eighteen pairs of film-badge packets were either taped to stanchions or sus-
pended with twine 3 feet above deck level in each compartment or area being investigated. Fig-
u-e 2.8 presents the ~ea locations of the film-badge packets aboard the destroyers. Detailed
iocatiom of the packets are presented in Appendix C.

2.3 opE ~TIONS

This project participated in Shots Wahoo and Umbrella. The GITR’s were checked, repaired
d necessarY, ~d calibrated before ~d after each shot, SO far aS Was practicable.

Project perso~el mounted the G~R’s on the three ships by D-2 byS of each shot. hlStru-
17.$n( checkout continued ~til D_ 1 &y, at which time the system was readied for te St partiCi -

P-um. Personnel of Task Element 7.3.1.5 were briefed on film-badge locations and recovery

17
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procedures aboard the ships by D–2 da>s, helped project personnel install the film badges !I~-

D– 1 day, and helped project personnel recover and process the- film badges after shot ptirt~-
cipation.

The GITR’s were started either manually at H– 3 hours or by receipt of radio timing signals
at H–5 minutes. The majority of the GITR recording units operated for 12 hours, but three
GI’TR recording units per ship operated for 60 hours. As soon afterward as was feasible, the
record tapes u’ere recovered and processed for data reduction..

2.4 DATA REQUIREMENTS

As pointed out in Section 1.2, the doses and dose rates presented in this report, in units of
r and r,ihr, are defined in terms of air ionization and not in terms of biological effects.

2.4.1 Data Obtained by Project 2.1. The data obtained by this project consisted of GITR
records from the various stations indicated in Figure 2.3 and of film badges exposed in loca-
tions indicated in Figures C.1 through C.19. The measured GITR data consisted of pulses
(representing predetermined quantities of air ionization) recorded on magnetic tapes running
at constant speed. The observed film-badge data consisted of the optical densities of the de-

B veloped film areas originally under the lead strips.

t

2.4.2 Data Reduction. The pulses recorded on the GITR magnetic tapes were initially con-
,. verted to uncorrected dose or dose-rate data by means of an analog data-reduction apparatus

supplied and operated by Project 2.3 (Reference 7); however, the IBM- 704 computer at the EPG
was eventually utilized for more accurate read-out. In both cases, the conversion to uncorrect-
ed dose and dose rates was based upon the biased field-calibration dose increments of 0.243 mr
per pulse for the low-range GITR detectors and of 0.243 r per pulse for the high-range GITR
detectors.

For the IBM read-out, the pulses from the GITR records (entered via an auxiliary special-
pttrpose magnetic-tape unit and gate chassis connected to the computer) interrupted accumula-
tion of constant-frequency timing signals in a register of the IBM-704. These times between
G~R pulses were stored in the computer memory and a simplified computer program was used
to convert the stored period information into records of uncorrected dose, uncorrected dose-
rate, and time after start of computation. Corrections for GITR recorder speeds, determined
by checking the record’s timing channel, were applied as part of the IBM computer program.
Corrections for GIT’R calibration shifts and bias, discussed in Appendix B, were applied to the
read-out data.

Conversion of time scales from time-after-start-of -compuQtion to time-after- shot was
straightforward for data from the radio- started GITR’s, because the starting pulse on the rec-
ord also served to start the IBM computation. That was not the case for the manually started
GITR records; therefore, the dose-rate data from these records (plotted on a relative time
scale) had to be time-correlated with data from the radio-started GnR’s. This was accom-
plished by lining up times of those prominent curve features (SUCh as maxima, and the like)
that should have occurred at the same time for all stations aboard one ship.

Corrected dose and dose-rate data for individual GITR stations were tabulated. The data
from the washed weather-deck GITR stations were averaged and tabulated. For the periods

I

during which saturated GITR’s created gaps in the data, estimates of average radiation data
for the weather-deck areas were approximated by normalizing appropriate data from several
unsaturated interior GITR’s to fit the actual weather-deck data on both sides of the gap. The
averaged weather-deck dose rates were also corrected for decay to serve as a guide in esti-
mating the relative importance of remote-source radiation (Section 3.2). Ratios of dose and
dose rate in compartment to average dose and dose rate on washed weather decks were calcu-

lated as functions of time. Ratios of the dose rate in the adjacent water to average dose rate

-k
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on the washed weather decks were calculated. The dose-rate histories from the garr. ma-
ionization decay unit were corrected for background of external radiation and normalized to
read 1 r hr at H-1 hour. Slopes of the log-log plot of norrmtlized dose rates versus time were
calculated for Iarious periods.

The various estimates of probable error in the results obtained from GITR data were based
upon consideration of the following (or combinations thereof): (1) relative accuracies of biased
detector calibrations in the field (Section B. 1): (2) toierance intervals for bias-correction fac -
tors calculated for a broad range of assumed radiation-source geometries and gamma energies
(Section B.2 and Table B.9): (3) estimated effects of timing errors (Appendix D); and (4) the ,
variance of data about the calculated averages, where appropriate.

The film badges were de~’eloped by TU-6, but the gross densities were read and converted
to gamma-dose values by project personnel. The gamma doses for all film-badge stations in
each compartment or area were averaged. Similarly, the doses for stations in each athwart-
ship (transverse) third of the various compartments were also averaged.
dose in compartment to average dose on washed weather-deck areas were
badge calibrations and estimates of error are discussed in Appendix C.

2.4.3 Data from Other Projects. For both Shots Wahoo and Umbrella,

Ratios of average
calculated. Film-

this project required:
(1) an approximate total of 1,’700 standard Rad-Safe film badges which were supplied and develo-
ped by TL?-6—for technical measurements: (2) records of near-surface wind velocities in the
~~cinity of the target ships— for correlative purposes; (3) access to photographic and other in-
formation that helped to define the dynamic radiological phenomena as a function of time and
i~cation in the contaminated region; (4) access to all photographs showing the locations and
orientations of the ships with respect to surface zero after shot time—for correlative purposes;
ar,d (5) film-pack data for the weather-deck areas from Project 2.3—to augment film-badge
data obtained by Project 2.1.

T.ABLI: 2.1 GITR DC) SE- R.ATE R.JLYGLS

hl

Stmdorb 12 9 11)1’hr to 87,000 I-/’ill’

St 3!ld31’L. (J(1 9 mr, nr tc 17,000 l’,’hr

hlt)difl~cl 12 1( .00( to 2.000.000 ri’hr
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Chapter 3

RESULTS AND DISCUSSION

After Shot Wahoo, GITR data was obtained only on DD 593, because power failures on the other
two ships prevented receipt of the radio timing signals. After Shot Umbrella, GITR data was

obtained on all three ships, although some data was lost because of shock damage to several

[’

instruments; in addition, the majority of the GITR’s were manually started at H– 3 hours to
circumvent possible repetitions of power failure. The manual starts created some uncertainty

in the timing of most records , and as a consequence caused laborious time correlation of dose-
rate curves with those few records obtained from radio-started stations.

3.1 TOTAL DOSES AND DOSE RATES ABOARD TARGET SHIPS

Detailed tabulations of film-badge and GITR data are presented in Appendixes C and D.

3.1.1 Weather-Deck GITR Data. After Shot Umbrella, the peak weather-deck dose rates on
DD 592 and DD 474 exceeded the normal capacity of the GITR detectors, i. e., the detectors
were temporarily saturated. To fill the resulting gaps in the averaged weather-deck data for

these saturation per iods, data from several unsaturated interior GITR stations were normalized
to fit the averaged weather-deck dose-rate curves on both sides of the gap. The interior GITR
stations (which supplied the data used for normalization) were selected on the basis of similarity
in the shape of the candidate dose-rate curve with that of the averaged weather-deck dose-rate
curve in the vicinity of the gap. With this criterion, two sets of normalized data (used consecu-
tively) were required to close the gap in the averaged weather-deck dose-rate curve for DD 474
(Figure 3.1). Estimates of average weather-deck dose were obtained by numerical integration
of the filled-in dose-rate curves.

Averaged values of the total dose rates and doses on the washed weather decks of the target
ships (and estimates of the standard errors) are presented in Figures 3.2 through 3.5 as func-
tions of time. The averages for DD 593 (both shots) do not include the data from GITR Station
1; the data appeared to be anomalously high when compared to the data from the other weather-
deck stations. No reason could be found for this apparent anomaly, although the data and cali-
brations were rechecked. E the data from Station 1 were included, the average doses and dose

rates for the weather-deck areas on DD 593 would be about 1.3 times higher than shown in Fig-
ures 3.2 through 3.5.

Figures 3.2 and 3.3 compare the weather-deck radiation histories of the three ships for Shot
Umbrella. The dose curves show the rapid buildup of dose aboard the two close-in ships. Ap-

‘.-’%+. proximately 600 r were accumulated aboard DD 474 during the interval between 16 and 26 sec -
ends after shot, and approximately 400 r were accumulated aboard DD 592 during the interval:,-

I

between 24 and 40 seconds after shot. Approximately 50 r were accumulated aboard DD 593 up
to 150 seconds after shot. These doses represent about 75 percent of the doses accumulated
over the entire period of measurement.

s,=: .
The curves indicate maximum dose rates of approxi-

mately: 550,000 r/hr for DD 474; 200,000 r/hr for DD 592; and 5,200 r/hr for DD 593.
!

Because radiation histories for Shot Wahoo were obtained only on DD 593, the averaged data
from the weather-deck stations on DD 593 for both shots are presented in Figures 3.4 and 3.5
to permit comparisons of effects at similar distances from surface zero (i. e., 7,900 feet for

Shot Umbrella and 8,900 feet for Shot Wahoo). The curves (Figure 3.5) show that the dose for

I
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I Shot Wahoo eventually reached a value about four times that for Shot Umbreila even though the
dose was accumulated more slowly’ and the ship was 1,000 feet farther frorr surface zero. FOI
example, DD 593 received 50 r within 150 seconds after Shot Umbrella compared to 50 r re -
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ceived ~ithin 240 seconds after Shot Wahoo, whereas the dose eventually built up to 300 r for
Shot Wahoo compared to 67 r for Shot Umbrella. The maximum dose rates were approximately

9,100 r/hr for Shot Wahoo and 5,200 rjhr for Shot Umbrella.
The very-early dose-rate peaks evident only on the DD 474 and DD 592 curves of Figure 3.2

(during the time period between 0.5 and 6 seconds after Shot Umbrella) occur at the same time
for both ships. This indicates the existence of some radiation source which did not move hori-
zontally; however, the shapes of the dose-rate curves do not appear to correlate with the size-
versus-time relationships of the plume at surface zero (References 8 and 9). The doses from
the abo~e-mentioned very-early radiations M’ere too 10U’to be of any significance; the values
observed on the weather decks were approximately 0.13 r on DD 474 and 0.03 r on DD 592. The
~ery-early radiation was not detected on DD 593 for either shot, and there is no dati available
to indicate whether such radiation was received on DD 474 and DD 592 after Shot Wahoo.

The time sequences of the major dose-rate peaks which follow the very-early peak appear
to depend upon the distances of the ships from surface zero (Figure 3.2), thereby indicating that
radiation sources were moving horizontally during these later time periods. This is borne out
by Reference 7, which suggests that there is a correlation between the shapes of the dose-rate
turf es and the movements of the visible base surge or cloud for both shots as determined from
tlrned aerial photographs. Such a correlation would be consistent with the results of Section 3.2

m. which it is estimated that more than 95 percent of the dose observed on the weather decks was
d~e to remote-source radiation. BEST AVAWMNX CC%??

3.1.2 Compartment GITR Data. The dose-rate and dose data for the various compartments
are tabdated in Appendix D.

Table 3.1 presents gamma doses accumulated within 24 hours after the shots. That part of
th~ dose which was accumulated in the period later than 90 minutes after shot was estimated by:
(1) using the dose rates at 90 minutes after shot; (2) assuming that these dose rates would de-cay
as indicated in Figure 3.42; and (3) integrating the resulting dose-rate curves wfth respect to

l:!zc. As an estimate of how the average dose in a compartment is related to the GITR dose
aa’a, ‘l’able 3.1 also presents location-bias factors, which were obtained by averaging all avail-
aoie ratios of average film-badge dose in the compartment to film-badge dose at the GITR sta -

tlw. The locations of the various compartments and stations are shown in Figure 2.3.
The gross relationships, i.e. , ratios, of the gamma dose or dose rate in various compart-

rr,[~~s to the averaged dose or dose rate on tie washed weather decks are presented as functions

~ time in Figures 3.6 through 3.36. It is important to note that these ratios may not necessar -
d! De good measmes of the penetrability of ship struct~es by radiation from exterior radiation-

s~irces for two reasons: (1) the radiation inside some compartments may have been influenced
L):.radiation sowces t~t were ~side the ship (section 2.1, Table 3.2, ad Reference 6); and (2)
\ ~~l~u~ weather-deck G~R s~tions may ~ve been shielded by intervening StrltCtUreS whenever

~cmxe radiation sot,trces were not directly overhead. This may explafn why Figures 3.10, 3.17,
3.1i, 3.26, 3.33, and 3.35 show radiation in some compartments to be higher than that on the

Wather deck d~ing periods preceding possible contaminant iItgMSS. The principal reason for
P~CSenting the ratios was to show the variations in the relationship between the radiation inside

~~: Ships and the average radiation observed on the weather decks as functions of time.
Tne ratios of dose ~ com~rtment to averaged dose on dec< presented in Figures 3.6 througil

‘.::. show some fairly consistent trends. There are relatively large variations in the ratios
a-:::,: the time period preceding the major-peak dose rate. This can be attributed principally
‘“ ::.~ changing radiation- so~ce geometries which probably altered the radiation fields at both
r~: lcr and e~erlor GITR stations to an extent depending upon the shielding afforded by struc -

‘--~~ between the sources and the detectors. For the time period following the major-peak dose
“:: by which time most of the dose has been accumulated, most of the dose ratios remain fairly
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constant except for a few cases which show significar: ,J)Lreas(s at late: tlrne>. Tht SL .,r.

creases in dose ratios at late times occur only for station> “wh. ch are arnonp IPOSC il~:( :! ~:
Table 3.2 as being probably affected by ingress of cor.’aninants into the ships.

As compared to the ratios of dose shown in Figures 3.6 through 3.18, the ratios of dose ra[c
shown in Figures 3.19 through 3.36 show considerabl~ more variation. This is to b< expected

because, once most of the dose has already been received, relatively large instantaneous

changes in the dose rate may have little effect on the accumulated dose.
For many of the compartments listed in Table 3.2, the dose-rate ratios show significant

peaks during the time period following the last major-peak dose rate for both shots and during
the time period between the two major-peak dose rates for Shot Umbrella. Most of the above-
mentioned effect is attributed to the presence of contaminants inside the ship. Other variations
in the dose-rate ratios for all compartments were probably due to cl’wging remote-radiation-
source geometries and possibly due to effects from contaminated water surrounding the ships
during periods when radiation from other sources was low (see Figure 3.31 for dose-rate ratios
based upon the data from the underwater Station 15).

3.1.3 Film-Badge Data. Averages of the 24-hour gamma doses aboard the target ships are

shown in Table 3.3. Film-pack data from Project 2.3 (Reference 7) are included in the table.
The locations of the various compartments are shown in Figure 2.8. The locations and data
from individual film-badge stations are presented in Appendix C. In general, the Project 2.3
film-pack doses are significantly lower than the Project 2.1 film-badge doses for the weather-
deck areas. This may be due to differences in film, in processing control, and possibly in
calibration and read-out technique. Some of the Project 2.1 film-badge data from Shot Umbrella
for the DD 474 appears to be anomalously low when compared to the data for DD 592; the GITR
data indicates that the doses on DD 474 should be significantly higher than the doses on DD 592.
The data was rechecked and the badges were reexamined, but no reasons for the anomalies
could be determined.

I or Shot Wahoo, most of the film-badge stations were exposed to doses in excess of 500 r
aboard DD 474, 200 r aboard DD 592, and 90 r aboard DD 593. For Shot Umbrella, the doses
were lower although the ships were from 1,000 to 2,000 feet closer to surface zero: but DD 474
and DD 592 were stiLl exposed to doses in excess of 200 r in many compartments, whereas

aboard DD 593 the doses in all compartments were less than 45 r.
Ratios of averaged gamma dose in various compartments to the averaged dose on the weather

decks of DD 592 and DD 593 are presented in Table 3.4. Ratios for DD 474 are not presented,
because the average dose on the weather decks could not be determined for Shot Wahoo, and be-

cause the film-badge data for Shot Umbrella was considered to be unreliable. For each com-
partment, the several dose ratios are in very good agreement so that reliable averages could
be determined. The film- badge dose ratios range between 0.36 and 0.56 for compartments on
or above the main deck, 0.14 and 0.46 for nonmachinery compartments below the main deck,
0.11 and 0.20 for machinery spaces above the waterline , and 0.019 and 0.068 for machinery
spaces below the waterline. Note that the possible limitations of the GITR dose ratios that were

discussed in Section 3.1.2 should also apply to the film-badge dose ratios.
As a rough indication of dose distribution, the doses observed in each athwartship, i. e.,

transverse, third of various compartments were averaged and presented in Tables 3.5 through
3.7. h wide compartments there was a tendency to have lower doses tn the center, presumably
because of shielding afforded by the superstructure. Another indication of nonunf.form dose dis-
tribution in some compartments is the location-bias factor presented in Table 3.1 and discussed
in Section 3.1.2.

The available comparisons of GITR and film-badge doses at the GITR stations are presented
in Table 3.8. The ratios of GITR dose to film-badge dose range between 0.72 and 1.46 and have
an average value of 0.96 wit h a standard deviation of 0.14. Comparisons of GITR and film-badge
ratios of dose at GITR stations to average dose on the weather decks are presented in Table 3.9.
The ratios of GITR dose ratio to film-badge dose ratio range between 0.76 and 1.21 and have an
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average value of 1.02 with a standard deviation of 0.11. These comparisons show that, with

few exceptions, there is good agreement and apparently no bias between results obtained from
GITR and ffim-badge dose data.

3.2 REMOTE-SOURCE GAMMA RADIATION

The directionally shielded GITR Station 14 was designed to permit discrimination between
remote-source radiation and high backgrounds of radiation from cieposited contaminants. How-
ever, examination of the data indicated that the background of radiation from contaminants on
the washed weather decks was so low that the differences between remote-source and total ra-
diation were smaller than the’probable errors in the radiation measurements. This led to the
ioliowing approach for estimation of the remote-source-radiation contribution to the total radi-
ation observed on the washed weather decks.

The basis for the estimation technique was examimtion of the decay-corrected plots of the
a~erage total dose rates on the weather decks, which are presented in Figures 3.37 through

3,40. Measured decay data were available for the period later than 6 minutes after Shot Um-
breIla (Section 3.4). For Shot Wahoo and for the period earlier than 6 minutes after Shot Um-
brelia, estimated probable limits for the unknown decay curve were based upon: (1) the calcu -
la:lons of gamma dose-rate decay for unfractiomted fission products (Reference 10); and (2)
straisht-line extrapolation on the log-log plot of the measured gamma dose-rate decay shown
m Fugure 3.42. The following discussion requires the assumptions that some undetermined
decay-corrected dose-rate curve can represent the buildup of contaminants on the ships’ weather
Su!:aces; and t~t this unknown curve always had either zero or positive slopes during the period

of interest, even though the decks were continuously washed (Reference 3 indicates that the ma-
jor value of washdown is the continuous suppression of contaminant buildup). Consider the above
assumptions and refer to Figures 3.3’7 through 3.40. The minima between the two major peaks
G!~he Shot Umbrella curves can certainly be considered to be upper limits of the decay-corrected
dose rate from fallout deposited on the weather surfaces of the ships at the indicated times, be-
ta-se even if no radiation was contributed by airborne radioactivity (which may not have been
the case) the contribution from deposited fallout could not be greater than the total. For similar
reasons, those portio~ of the curves which tend to level off after the last major peak for either
sh~t ca,n al= be considered upper limits of decay-corrected dose rates from deposited radioac - ~

ti~l:y, especially ff there was a significant drop in the decay-corrected dose rate after the nearly
norlzonti portion of the curve. Therefore, if the assumption of a continuously increasing buiM-
UpO: con~miMnt5 is v~id, it foUows that overestimates of the contribution by deposited con-
Qmiriants to the decay-corrected dose rates ca be represented by the horizontal lines labeled

as such in Figures 3.37 through 3.40. The se decay-corrected estimates were converted to dose
ra::s tkt were integrated to obtain upper limits of the estimated dose contributed by deposited
COrifaminants for each assumed decay curve.

The esti~ted doses contributed by remote-source radiation to the total doses observed on

~ Washed weather decks of the three target ships, based upon the above-mentioned approach,
ar? presented in Table 3.10. These values indicate that at least 95 and 98 percent of the total
‘QSEobserved on the washed decks was due to remote-source radiation resulting from Shots
~~brella ad Wahm, respectively. As a consequence, the observed total-radiation data can
aQ&WXely represent the remote-source radiation for the washed weather-deck areas during
::,t fu st 10 minutes after shot. Unfortunately, there was no data available from which it would
‘~ ~ been feasible to estimate the percent contribution of the remote-source radiation to the
‘~ aose for unwashed weather decks.

BEST AVAILABLE CXNW’
~“3 TOTAL GAMM.A lWkDI,ATION IN ADJACENT WATER

‘r’~ attempt to measure the radiation in the water adjacent to the
c.~~j!~. NO dah was ob~tied for Shot Wahoo, because the starting
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target ships was not suc-
signals were not received



I
\

on the only two target ships that were instrumented (the instrument on DD 593 had been canni-

balized at the last minute to replace a burned out solenoid on one of the closer ships). Because
the dropping mechanism for GITR Station 15 proved Unreliable;, the underwater radiation de-

tectors were submerged in the water prior to Shot Umbrella in the hope that some data would
be obtained; however, the instruments on DD 474 and DD 592 were damaged by shock. Conse-

quently, the only data obtained was from DD 593 after Shot Umbrella.
The tabulated radiation data obtained from the underwater GITR on DD 593 for Shot Umbrella

is presented in Appendix D. During the period when the ship was enveloped by the base surge,
the peak dose rates of 0.19 r/hr at 8 minutes after shot and the 0.01 r dose accumulated by 18
minutes after shot are attributed to contaminants depositing in the water and possibly to con-
taminants washed off the ship. Following this period, the underwater dose rates were very
low until they again rose to a peak of 0.19 r/hr at 6.4 hours after shot, and the dose accumulated
to 0.37 r by 8.5 hours after shot. This late resurgence of underwater radiation is attributed to
a patch of contaminated water (detonation debris origimlly upwelling at surface zero) drifting
down upon DD 593.

Figure 3.41 presents ratios of dose rate in the water to average dose rate on the washed
weather decks of DD 593 after Shot Umbrella. Three curves were constructed because of a
possible uncertainty of 30 seconds in the timing. The results for all three possibilities show
that the underwater dose rates were less than 0,2 percent of the washed-weather-deck dose
rates during the periods when the ship was enveloped by the base surge and were no more than
20 percent of the washed-weather-deck dose rates during the later periods when the deck dose
rates were very low. Therefore, although the contamimted water did not contribute signifi-
cantly to the gamma dose observed on DD 593 after Shot Umbrella, the radiation from the water
may have influenced the dose-rate ratios to a significant degree at later times.

3.4 GAMMA- IONIZATION DECAY

No data on gamma-ionization decay was obtained for Shot Wahoo, because the starting signal
was not received. The gamma dose-rate data from the decay unit (GITR Station 22) aboard DD
592 after Shot Umbrella is presented in Appendix D.

Logarithms of the relative gamma dose rates are plotted as a function of logarithms of the
time-after-shot in Figure 3.42. The decay curve was also separated into segments fitted to an
equation of the form

Dose rate = constant x (time)n

The exponents n were evaluated for various time intervals and are represented by the slopes
of the log-log curve shown in the figure. Standard regression techniques were applied to the
logarithmic variables to obtain the slopes and their 95-percent confidence limits.

The background of external radiation affecting the dose rates inside the 6-inch-thick lead
cave was estimated to be negligible for the time periods under consideration. The estimate was
based upon use of: (1) gamma energy variations listed in Reference 10; (2) gamma-radiation ab-
sorption coefficients and buildup factors from Reference 11; and (3) monodirectional attenuation
equations applied to the average deck-dose rates.
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1.13

0.8!

0.9s

0.93

1.54

0.62

For\ \ard t?ng)ll.-ro’.’n, 1- :1 56 47 6.S 1.35

1. — 2; 12 — 0.8(

.-u-! ilr~~.).)n; 1; — — (if; — 1.:s

1P . 24 29 3.0 0.77

.M1 ~>nS~nc roun. Ig — . 81 — 1.13

~ (1 — — 2G — 1.23

.JJI quarters 21 — — 158 21.3 1.12

. The locat]on-bios f~ctor M the mem ratl~ of a\”erWe film-badge dose m compartment to

::; m-badge dose :it GITR station.
7 Doses for washed \veaIher decks are a~eruytl ralues.

T.lBLE 3.’2 COhIP.ARTMEhTS PROBABLY INFLUENCED B1- INGRESS OF

RADIOACTIVE CONTAMINANTS

Compartment
GITR

Station
Sh]p Shat Probable Source of Ingress

Galle} 9 DD 592 Umi]rella Ventilation air

I“urw’ard fire room 10 and 11 fill umbrella Boiler air (fired boiler)

and 1$ahoo

Forward engine room 13 DD 474 Umbrella Condenser water (?)

DD 592

.>:I flreroom 17 and 18 DD 592 Umbrella Boiler air (unfired boiler)

.ltt engine room 19 and 20 DD 592 Umbrella Ventilation air

.ti”l quarters 21 DD 592 Umbrella Ventilation air



, ,.-.,=?,.

TABLE 3.3 AtrER.lGE 24-HOUR G.AJlhI.i DOSES .M3u.litL, 1 .lRGI.’I SHII’>,

BASED L!PC)X FILhl-BADGE D.+I” A

Dose in roentgcns.

Compartment or Area
shot W’ahm Shot Lnli]rell:,

DD 474 DD 592 DD 59,+ DD 474 DD 592 DD 39:

AboYe wWerllne, 16 to 3.3 ft:

All we~ther decks >

Main weathel de. i. >

Bridge complex

Above tvatcrhnu, 11 to 16 ft:

Forward qurters

Radio central

Gzdlc:,

Crew’s v.,ashrorjm

Above waterline, 2 to 4 ft:

Crew’s mess

Forward fireroom

Forw’ard engine room

Aft flreroom

Aft engine room

Aft quarters

Steering gear room

Below waterline, 3 to 6 ft:

Magazine

Forward flreroom

Forward engine room

Aft f]reroom

Aft engine room

947

1,0 [ICI

>7613

>802

590

333

101

76
—
—

219

1.33

121

177

16-1

410
316

214

38.6

31.1

51.1
6Q .4

563

394 ?

34G

326

25?
317:

254:

166

134

79.4
—

—

229 ~

180 ~

1(35

44.3

16.4
—

—

351
S.lg

229

204
19(;
zti~

307

92.4

89.6

64.4

9s.4

108

219

215

79.1

18.7

10.7

21.6

37.6

44.8

63.6

3(,’3

~~,@

23.8

3G.7
32,6

11.6

10,6

8<3
—

—

28.7

23.4

10.7
<1.7

<1.3
—

—

* Project 2.3 film-pack data (Reference 7).

T If some vafues greater than recommended range of film dose are assumed to be valid,

the average dose wouid be approximately. 1,13(J r.

J Anomalous values.

i

i

I
I



Above Watel’!lm’, 3: iL:

Br)dyc complt>x 0.46 U.41 (, 42 (1.46 0.43? 0.02C,

.Wo\. \raterlinc, 11 to lG ft:

For\\ :ird q’um’tcrs 0.46 [1.29 037 0.41 C1..lo$ (1.(l~$!

Rmf]o centr.} 0.47 ().36 (1,~c 0.3G (J,~SS (1.(,jj

GIIIc) ().49 0.50 1).31 0.36 0,313 0.0:1

Cre\\’s Washroonl 0.54 0.4:: 0.36 0.50 0.50s O.wi

Almve \rWcriinc, 2 t~~4 ft:

Cre\\’s muss 0.19 0.1; 0.17 0.1s 0.17s 0.01(’

For\vard flrelwom 0.14 0.16 (1.16 0.16 0.133 (1.GII

Forw~rd engine roun 0.11 (,.11 (.12 0.13 0.11s 0.01(

.Ifl flrcroo:!l O.l G —- (1.18 — 0.1?(, 0.014
Aft en<ine room 0.15 — (j.~~ — 0.173 0, ()3 ,-)

Aft quorwrs 0.3G (1.;;.! (f..ln 0.44 0.38”, O.cl:+

Steering gc::r r(,un; 0.2s o.2:i 0.39 0.36 0.31:) ().07:>

Bc]of!’ w:{tcrl, nc , 0 to G i::

Jl&~.iz]nc 0.19 0.13 (),1; (1,1 G 0.16” O.flo.-.

Forw Jrci flrero.]n-l 0.034 0.045 0.034 0.026 0.033 0.0{3

For\vard engim ;’c,tmi 0.02s 0.02: 0.019 0.033 0.02C O,ocl,

Aft Ilreroon, 0.04J — (1,039 — CI.042 [1.(1[14

Aft en~lne ro!~~ 0.05.5 — 0.0G6 — 0.0C2 (1.(11(1

T.U3LE 3.5 ..lTHi\’ARTSHIP VARIATIOK C)F 24-HOUR GAhlhl.+ DOSES ABO.W,D

DD 474, BASED UPOX AI’ERAGE FILhl-BADGE D.11’.%

Dose in roenlg~ns
shot M’ahcw

Compartment or Area
Shot Umbrellq

Port Cente Y Stkl Port Center St!k

Above wsiter]lne, 16 to 32 fl :

W’eather decks “ 870 1,040 970 49n 65( ~;(l

Brid~e complex >800 >750 >1,000 36’J 31(; 410

AboIe waterlmu, 11 to 16 ft:

For\vard quarters >1,000 780 >1,000 320 25(1 410

Radio central >1,000 580 >1,000 230 22(I 36(I

Gallef >900 > 1,00CI >1,((10 290 o.1(~ 29(’

Crew)s washroom >1,000 >1 ,000 810 260 250 280

Above waterllne, 2 to 4 ft:

Crew’s mess 570 33@ 750 150 140 ~Q@

Forward fireroom 250 130 420 140 96 200

Forward engine room 410 270 510 84 56 140

Aft quarwrs s~o 760 >900 230 200 250

Steering gear room 630 — 530 190 — 170

Below waterllne, 3 to 6 ft:

Magazine 280 410 310 1’70 160 160

Forward flreroom 77 100 120 33 47 53

Forward engine room 100 53 — 18 14 —

● Pro]ect 2.3 film-pack data (Reference 7).



* Project 2.3 film-pack dat~ (Reference i).

Dose in roentgens.

Com.ozrtment or .Are2
Shot !f’ahoo Shot Un-,!, !cli:.

Port Center Stl.,d Port Center St!ji

Above waterline, 16 to 33 ft:

M’eathe 1 decks “

Bridge complex

Above waterline, 11 to 16 ft:

Forward quarters

Radio central

G alle~

Crew’s washroom

Above waterline, 2 to 4 ft:

Crew’s mess

Forward fireroom

Forward engine room

Aft quarters

Steering gear room

Below waterline, 3 to 6 ft:

hlagazine

Forward fireroom

Forward engine room

76

69

55

14(?

99

61

12

12

11 8.7 16

9.9 8.1 17
8,2 6.0 14

30 25 32

26 — 21

10 l? 10

<2.2 2.4 1.G

<1.5 <l. @ —

* Pro]ect 2.3 film-pack data (Reference 71.

E%L3!%ak
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Dose ]n roen~p.ns
GITR G1”IR Filn) GITH I“III;] GITR Flln: GITR,’F]lr I

DD 474, Shot L?mbrellfi

— — —
135 0.9?

— — —
— —

— — —
— — —

47 0.79

6: 0.89

2: 0.96— — —

DD 592, Shot Umbrella DD 593, Shot Umbrella

199 211 0.94 30.0 3(,.9
— — — 12.4 16.9
1[,. 12: (1.tis 15.6 15.5
— — — 1?’.4 12.1

5 56 0.91 — —

2( 27 (1.9,-, 3.5 2.4
— — G.& 6,(I
12 72 10(1 — —
f3G 66 1.00 — —

23 29 l.(~( — —
~<~ 9G O.b; — —

26 33 0.79 — .

158 lb-t 0.$5( — —

0.97

1.14
1.02

1.11
—

1.46

1.13
—

—

—
—

—
—

* The mean value 1s 0.96, the standard devlatlon IS 0,14.

TABLE 3.9 COhlPARISOliS OF GITR P&E FILhl-BADGE R.4TIOS

OF DOSE AT GITR S’I”ATIONS TO AVERAGE DOSE
OX M’EATHER DECKS

hle anPrl-n Standzrd Mean Standard Ratio
u....

stat !On
GITR De~lation Film-Badge &vlation GITR/Film
Rat:o * of Rat]o Rat]o - of Ratlu Ratios T

5 0.4’29 0.046 0.440 0.042 0.98
6 0.168 0.039 O.lG1 0.026 1.04
7 0.221 0.015 0.217 0.029 l.o~

8 0.177 0.03(1 0.162 0.021 1.09
9 0.634 0.085 0.524 0.076 1.21

10 0,125 (3.025 0.105 0.018 1.19
11 0.052 0.012 0.046 0.011 1.07

12 0.084 0.013 0.08G 0.004 0.98
13 0.025 0.004 0.025 0.007 1.00
17 0.124 — 0.122 0.003 1.02
18 0.042 0.012 0.055 0.004 0.76
19 0.154 — 0.152 0.032 1.02
20 0.050 — 0.051 0.012 0.9E
21 0,310 0<012 0.341 0.008 0.91

● All dose ratios applicable to a given station for the several ships
for both shots were averages, if available.

t The mean value is 1.02; the standard deviation is 0,11.

:
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DD 59. \i &hlJ@ 99.4- 98.1 *
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* Estimate based upor. use of deca! curve (Reference 10).

? Estimate bwecl upon use of extrapolated measured-decay curve
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.“-*
... ..“*W,.. Figure 3.1 Example of estimating average dose rates on deck

of DD 474 for period of GITR saturation, Shot Umbrella.
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Chapter 4

CONCLUSIONS AND RECOMMEh~ATIONS

4.1 CONCLUSIONS

The project had only limited success in meeting its objectives for Shot Wahoo, but met mosr
of its objectives for Shot Umbrella. The conclusions are meant to aPPIY only to the specific tes.
conditions and radiological environments encountered aboard the moored and washed target ships

4.1.1 Total Gamma Radiation Aboard Target Ships. The gamma radiation data indicated
rapid rates of change with time after burst, and dependence upon distance from surface zero.

These characteristics are summarized in Table 4.1 for the washed weather-deck areas. Mter
Shot Wahoo, the weather-deck doses accumulated more slowly but eventually reached values
on the order of 300 r higher than for Shot Umbrella, even though the ships were from 1,000 to

2,000 feet farther from surface zero.
For nuclear-weapon-delivery situations simulated by the two closer-in ships, temporary

immobilization could result in lethal or near-lethal doses. After Shot Wahoo, the majority of

compartments received doses in excess of 500 r aboard DD 4?4 and in excess of 200 r aboard
DD 592. After Shot Umbrella, the two ships received doses in excess of 200 r in many com-
partments.

Ratios of dose or dose rate in compartments to dose or dose rate on the weather decks were
dependent upon changes in radiation-source geometries and upon the presence of contaminants
inside the ships. In one instance a dose-rate ratio changed by a factor of 1,000 within 28 mir?-

utes. The long-term dose ratios ranged between 0.36 and 0.63 for nonmachinery compartments
on or above the main deck, between 0.14 and 0.46 for other nonmachinery compartments, be-

tween 0.08 and 0.20 for machinery spaces above the waterline, and between 0.02 and 0.07 for
machinery spaces below the waterline.

4.1.2 Remote-Source Gamma Radiation. For the washed weather-deck areas, the observed
total radiation can adequately represent the remote- source radiation during the first 10 minutes
after the shots. At least 95 and 98 percent of the total dose on the washed decks was attributed
to radiation from airborne radioactivity for Shots Umbrella and Wahoo, respectively.

On DD 474 and DD 592, a very-early radiation peak was observed between 0.5 and 6 seconds
after Shot Umbrella but the dose from this effect was negligible, i. e., less than 0.13 r. No
data was avaiiable to indicate whether similar very-early radtition was received after Shot
Wahoo. There was apparently no correlation of dose-rate data with the size-versus-time re-
lationship of the plume.

4.1.3 Total Gamma Radiation in Adjacent Water. Determination of underwater gamma radi-
ation was not successful; data was obtained only for DD 593 after Shot Umbrella.

Contaminated water adjacent to the ship did not contribute significantly to the total radiation
observed aboard DD 593 after Shot Umbrella. Indirect evidence suggests that, although radia-
tion from the water may have affected the compartment/deck dose-rate ratios to a considerable
degree at later times, the contribution of contaminated water to the total dose observed aboard
the target ships was probably of little significance.
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4.2 RECOMMENDATIONS

1. It is recommended that the data from all Operation Hardtack Program 2 projects be

analyzed and correlated. This is required to serve as a basis for an operational analysis to

determine safe standoff distance for antisubmarine warfare delivery of nuclear weapons under
Operation Hardtack underwater-detonation conditions.

2. It is further recommended that additional high-explosive or nuclear detonations be studied
under other detonation conditions. This is required to estimate radiological effects for other

possible weapon detonation conditions.

T.M3LE 4.1 SUMhl.kRY OF GAhlIIIA RADIATION D.4TA FOR W’ASHED W’EATHER DECKS

First h’tajor Peak
Distance from 24-Hour

Time After Shot to Accumulate
24-Hour

ship Dose Rate and Dose of
Surface Zero GITR Dose Film Dose

Time After Shot 50 r 200 r 450 r 61jQ r

ft r r r ,+Lr Sec sec se c sec ‘stc

Shot Umbrella:

DD 474 1,900 806 550,000 21.5 18.9 20.7 ~~,6— 25.3

DD 592 3,000 527 549 200,000 30.0 2S.9 31.7 46.0 —

DD 593 7,900 67 66 5,200 107 148— ——

Shot \i’ahoo:

DD 474 2,900 >1,000 — — — — — ——

DD .59: .! ,9(1(, — >853 — — — — — —

DD 59: 8,90(1 311 .Q1 3 ,~@(] 170 240 400 — —

i
:
t
.
:
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Appenchx A

GITR INS TRUIIENT

instruments to record gamma radiat]cm as a fuction of time had been developed ~d used during pre~ious

field operations (References 3 and 4). However, this earner instrumentation was entirely unsuitable for

use during Operation Hardtack. wherein high time resolution, wide radiation-intensity ranges. improved

detector geometrj. simplified and unattended operation. rugged watertight performance. and impro~ed

capability for data reduction were required. These requirements were the basis for the development of

the GITR hlodel 103 (Figures A.1 and A.2J.
The instrument developed was a dose-increment recorder consisting of: (1) two concentric ionizat] on

chambsrs with recycllng electrometers. (ZJ magnetic-tape recorder. (3) mechanical timer, and (4 J control

circuit and battery pou’er suppk (Figure -%.3). These components were packaged in a watertight alutninum

case 21 b} 16 by 13 inches in size and had ~ over~l weight of 55 pounds. The externall~- mounted dekcmr

unit was comtected to the man instrument assembly b> means of a V.’atertight cable. Optionally, the de-
tector could be plugged mto the main instrument assembl) within the case itself.

A.1 DETECTOR UhTT

The detector consisted of a low-range ionization chamber constructed around a high-range ionization
chamber. with each chamber comected to a recycling electrometer circuit (Figure A.4). The recycling
electrometer consisted of a CK 5886 electrometer tube connected = a cathode-coupled blocking oscillator
with the interelectrode capacity of the ionization chamber in the first grid. Initially, the ionization cham-

ber was charged. and the voltage on the first grid was below the predetermined triggering level of the
electrometer. Ionizing radiation discharged the chamber and caused a positive voltage shift on the first
grid. When a predetermined voltage level was reached. the circuit was triggered and generated a pulse
of fixed amplitude at the cathode, The pulse caused the first grid to conduct and to transfer a constant.
predetermined charge to tbe chamber. Simultaneously, the pulse was recorded on magnetic tape. The
pulse terminated at the cathode in approximately 50~ p sec, and the tube was left nonconducting with a
negative voltage on the frost grid, thus completi~o the cycle.

The gamma-dose increment required to discharge the ionization chamber was directly proportional to
the amount of charge transferred to the chamber (Figures B.1 and B.2, Appendix B). The charge trsns-
ferred during each cycle was constant but dependent upon the triggering level of the electrometer, which
was controlled by the adjustable bias voltage of the second grid. Calibration of detectors was achieved
by adjustment of the bias voltage until a predetermined dose increment caused the electrometer to cycle
(Appendix B). The calibration control for each chamber was located on the moistureproof electrometer
housing attached to the base of the chamber assembly.

The ionization chambers were constructed of thin-walled aluminum spinnings mounted concentrically.
Cylindrical and hemispherical surfaces were used wherever possible to establish optimum voltage gradi-
ents for efficient charge collection. The chambers were filled with pure argon at 7.5 psi and sealed by
soft-soldering techniques over nickel-plated surfaces. The volumes of the two chambers were 1.475 cc

and 14.0 cc for the low-range and high-range chambers, respectively. The sensitivity ratio of 1,000 be-

tween the two ranges was achieved by the design vaIue of the input capaci~ of the electrometer circuits.
A lead-tin filter over the entire outer surface of the detector provided reasonably uniform ener~ response
from about 100 kev to 2 Mev (Figure B.3).

A.2 RECORDER SYSTEM

The recording medium was 900-foot lengths of instrumentation-quality magnetic tape spooled on stand-
ard 5-inch reels. The tape was 0.25 inch wide and had a polyester backing 0.001 inch thick. A Brush
Electronics Company BK 1303-1 three-channel recording head, driven to tape saturation. recorded uni-
directional pulses on the tape, The maximum usable pulse packing was 400 bits per inch of tape. Re-
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corchng intervals of 12 hours md 60 hours were used. Wifi tam transport speeds of 0.25 and 0.05 m,sec.
respectivel~-. These speeds were accurate to = 2 percent for the entire-recording interval. Both recorders

were of identical construction with the exception of the drive motors. A single 6 .7-volt mercury -bat@ry

stack having a capacity of 14.000 ma-hr powered each recorder. The 12-hour recorder was dri~en b> a

2-\~att motor operating at a speed of 6.000 rpm and regulated by a centrifugal governor. A O.?S-watt,
chronometricafly governed motor rotating at 900 rpm operated the 60-hour recorder. Both recorders
utilized gear reduction and worm-gear drive. The tape was guided in the conventional manner. Metal

friction plates on the feed spindle established an average tape tension of about 4 ounces. Contacts on the

recorder turned off the instrument when a conductive section of tape at the end of the reel passed over
them to cause a circuit closure. Both recorders were developed at U.S. Naval Radiological Defense Lab-
oratory (NRDL) in conjunction with the Precision Instruments Company, San CarlOS, California.

The dose increments chosen for the 10W- md high-range ionization chambers were 0.243 mr and 0.243
r, resPectlve13 . At the ma-timum intensi~ of each range, the maximum-usable pldse pacfing on the tape

hmited the recycling rate of the electrometer to 100 CPS (87 ,500 rihr) for the 12-hour recording interval

and to 20 cps (17 ,500 r/hr) for the 60-hour interval. These dose increment and dose-rate values apply

only to the part~cular detector orientation and gamma enern chosen for the calibration (Appendix B).
AS radiation data was recorded on the WO channels of the three-channel tape, bits were recorded on

the third channel at 3.75-second inte rvafs to establish a time reference for data reduction. The time bits
trere generated by a cam-operated switch dri!’en by a low-power. 6-volt. direct-current. chronometrically

governed motor. The accuracy of these pulses was * 0.5 percent. The timer was manufactured by the
Haydcm Company and was used because of its known accuracy and high reliability.

The function of the control circuit was to start and to turn off the instrument. Power to all the motors
and to the filaments was controlled by means of a latching relay- This relay could b activated locally by
a s\\5tch on the instrument or remotely by a contact closure through a cable into the instrument. The in-
strument could be turned off by deactivation of the relay W7th the switch on the instrument or by the tape-
actuated turnoff switch on the recorder.

hlercury batteries were used to power the motors and the filaments in order to take advantage of the
h~gh current capacity and flat-discharge characteristics these batteries offer. In addition, a mercury
battery with very-low current drain was used in the electrometer-calibration circuit to restrict calibration
shift to less than + 1 percent during the expected life of the battery. Chamber bias and transistor bias

were supplied by carbon batteries. With the exception of the motor battery. the minimum battery life was
m excess of 250 hours. However, the 12-hour recorder could be operated in excess of 26 hours and the
6(-hour recorder in excess of 80 hours without a battery change.

k

A.3 DESIGN LIMITS FOR OPERATION

All components were designed to operate under the following maximum conditions: (1) a shock of 15 g
at 11 msec in all planes, (2) vibrations of 12 g at frequencies up to 45 cps in all planes, (3) temperature
\\ilhln the detector of 120 degrees F, (4) temperature within the main instrument assembly at 155 degrees
F. (5) ambient relative humidity of 100 percent, and (6) a static overpressure of 5 psi. During the opera-
tion, satisfactory performance beyond these limits was frequently observed.

A.; SHOCK MOUNTING

The GITR instruments were installed throughout the three target ships. Because of tbe high shock ex-
pected on these platforms, all instruments were shock mounted for approximately 6 inches of deflection.
An eight-point suspension from steel springs in Iines through the center of gravity of the instrument was
used toSUppOfi the main instrument assembly. The natural frequency of the suspension was about 5 cps.
The detector tit WZS supported from four springs in a horizontal plane through the center of gravity of
tie unit. The suspension had a natural frequency of ‘i cps and allowed 5 inches of deflection.

.4.5 REMOTE+TMT’~G c~culT

The limited recording time of the instruments and the requirement for unattended operation necessitated
remotetriggering of the instrument installations. A shipboard system was designed to meet this require-
ment (Figure A.5). The system consis@d of the EG&G tone receiver and minus-5-minute relay, which was
connected to the project control panel and relay system. The relay system consisted of latching relays,
Whichwere spwed throughout the ship. When activated by the timing signal, each Iatching relay started

—--. —-----.

i

83



BEST AVAILAaLE COPY

84

‘.
,....
,-----

as man:, as four GITR instruments, The pro~ect control panel recorded the receipt of all H -5- P-,1:,..,.

signals and could manually be set to lock out the EG&G signal or arm the project rcla;, s~s~tinl a:l : 1
set all project rela~s.
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The trlggcrlng s~skn~s were similar on the three target ship.s.
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Appendi~. D

Appcnchx D is not being pul]lishc[!.

The appendix consists of 2 pages of texl. 3w3 PW.>S of numcrlca[ data tables (cfost rates and d,Jscs It ? -

sus time ant! locaL1 on. and the ldie ). and 3 figures that depict the estimated probable errors lE aY~r:\.

gamma dose ralcs anu doses (versus time, on the weather decks of the target ships.

Initia! dlstril,~t]on of Appentflx D in~ludeti 2 coples t~, Headquarters. Defensr Atomic SuppOrt .l.gt:, ?.

(Sti’PET~. 2 cople: to Bureau 01 Ships (Codes 3+1 and 423. and ( copies to U.S. Naval Raci)oloG]c L.1i~.-

fensc Labor atnri

I@ackrs desiring access tc this more-basic data ma, obtmrj a cop}- on request sent t :

Comll)andel’

Field Command D.AS.4

ATTS: FCW”T

Smdia Bas~ Ne\\ Nfcx:cu
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F.1 BIASED-FIELD CALIBRATIONS

All instruments were initiall!’ calibrated at NRDL with Cocc sources accurate to lvithin3 percent. All

~~~lbratiom were ~~e Mlth a standard orientation: the longitudinal axes of the detector and the radiatior,

‘~mn were paraliel. and the elect romewr housing faced av, a~ from the source In this orientation, dose

]ncren]cnts of 0.243 mr and 0.243 r were estabhshed for the 10\~- and high-range chambers. respectively.
Th~ linear it~- of the detector had been checked over a wide range of gamma lntensit]es and is shown in.
Fi~,lres B.1 and B.2.

To assure optimum reliability} and accuracy in the data each detector was recalibrated in the f]eld,

before and after each shot. with the 120-curie CS13; source m.stalled in the pro]ect’s instrumenta~ion

[r~.ler. This source was standardized to the CoM sources by means of the Victoreen 70-A r-mekr and
YUIOUS calibrated chambers. To assure maximum reproducibihty of calibration, a .ilg was fabricated to
c~r~rol positioning of all detectors in the radiation beam. For personnel protection. the beam was directed

!trtlcall~- through the roof of the trailer, A calibration radiation f~eld of 56.4 r/hr was used for the adjust-

m :.; of the detector output-pulse periods to 0.016 ~d 15.5 seconds for the low-range and the high-range
chmmk. respectiwl}. The lo\v-range-chmnel pulse period of 0.016 second (instead of the expected value

O: 0.0155 second to give 0.243 mr) compensated for the O.0005 -second recycling time of the circuit. The

calibration radiation field was too Iov’ to require a similar compensation for the high-r snge chamber.

IT }vas estimated that all fie!d calibrations were made with a precision of about * 2 ~rcent. Upon re-

calibration following an event, the random shifts in calibration were noted to be shout * 3 percent. EYal-

~a:mn of all phases of instrument operation indicated that the relative precision of almost alldetectors

\V~S about ~ 7 percent throughout an e\rent. However, it was known that the detector orientation used for

cdih~~tlotl, and chosen because it assured reproducibility. biased the results because of the nonuniform
ijrectlonal response of the detectors. Figures B.3 and B.4 sho\r the results of pretest studies of ener~

res~.onse and directional response characteristics.

L- . CORRECTIOISS FOR CALIBRATIOIQ BIAS

After Operation Hardtack, a more-extensive investigation of GITR directional characteristics as a
lunct,on of ener~ was uncle rtaken at NRDL for three conditions: (1) detector in the aluminum jacket.
representing interior GITR stations, (2) detector inside the aluminum drum, representing exterior GITR
stat] ens; and (3) detector mounted inside the recorder case. Figure B.5 and Tables B.1 through B.6 show
th~ results in relationship to the biased field-calibration condition. The actual responses of the shielded
dekctors (simulati~ the station mountings) to the severaf monoenergetic gamma-radiation beMns for
VarIOUS de~ctor orientations were divided by the responses of the unshielded detectors to CSi3: radiation

‘beamed at the top of the detector (the biased field-calibration r< sponses).
The directional responses indicated above were used to calculate integrated responses to four ideafized

rtiation-source geometries: (1) horizontal radiation incidence, simulating remote pretransit rachation,
d ) hemispherlc~ r~ation source above station, simulating the transit phase; (3) spherical radiation
swrcc around station, slmulati~ in@rior stations affected by radiation from both the overhead decks ~d

tiaccnt ~,a~r; ad (4) r~iation source presenting solid angle of 1.7-7 steradians below station, simulating
bxterlor Statlom e~osed on]y to contaminated decks and/or adjacent water. Figures B.6 through B.9 show
lhese lntegr~d responses in relationship to the biased field-calibration condition. However, these values
apply only for rnonoenergetlc radiation sources.

h the absence of measured gamma-ener~ spectra for these shots, the sensitivity of calculated correc -
tlon factors to v~ious assumed spectra was investigated. Six un-degraded energy spectra for various
[lines M@r fission were considered: 9-second and 6.8-minuta spectra from Reference 10; a S1-minute
Sp?ctrUm from Reference 12; 1.1- and 5.2-hour spectra from Reference 13; and a 9-hour spectrum from
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tnlphaslzlng the lo\I. energ]cs (Figure B.l(, ~. ~he ener~ tluK for the pth Intervals @ =J 1 orlg:nat:~ Ir.:

the jth ]ntt r\-af. ]s reprcsentuc b!

m.:

~umnllng all of Me atienuatecl and degraded ener~, flux (~) for the pth etter~ inter~al or~ginatn< :,.:

311 interval> that can contrlhute to it. results in

(B.:

.&n C.w.mplt of tht E’fiLC~ d thJs assume~i cfegrxiatlon on Cm of the assumed ga..mma-eners spectrz E Prd -

sentctl in Figure E.11.

The ener~ flu\; for each of the energl” In@rT:als of the tlrelve ener~ spectra (six original and SIX cle-

gradecij w-as converted to an equivalent dose rat~ b}” using conversion factors determined from Referenm

15. These dose rates \vere used to calculate percent dose-raw contributions from ener~ intervals repre-

sentative of the energ]es at wkch the integrated detector responses hti been calculated (Tables B.7 and

B. S). These percentages lrere used as weighting factors applied to the data of Figures B.6 through B.9.

thereby obtaining the overall responses to the assumed spectra in relationship to the biased-field-

cahbration. GITR bl~<-correction factors were obtained by averaging the reciprocals of the weightei

integrated responses to the ass’amed energy spectra for the VW IOUS idealized radiation-source geome:rles

(Table B .9J.

. .
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TABLE B.2 DIRECTION-AL RESPOXSE OF HIGH -R.lIIGE

GITR DETECTOR (INSIDE 0.13-INCH AL~hlIXL’1:

DRVNI I TO BEAMS OF Y&RIOL’S RADI.\TIO~S

YAWS are comparisons to response of unshielded detector to

csl~~ radi~tion be~med at top of detector (O degree orienLat]on).

Detector and drum ucre rotated in lon~itudlnzl plane about cen-

ter of detector. Response is symmetrical about longitudinal

a_x]s of detec~or.

Detector 7(1-ke\ 12(1-lie\’ lSO-kev ~~13: co6@
OrlentrC~on x-l-a} s X-rays X-r2>s

dc >

0 0.9s5 0.82$ 1.000 1.65G 1.132
.>.7b- 0.9s7 0.91? I.llc 1.144 1.262

45 0.9s5 0,972 1.152 1.146 1.281

67 1.197 1.142 1.239 1.163 1.314

90 l,~ijg 1.217 1.309 1.171 1.336

1(11 1,245 l.z~~ 1.296 1,16? 1.344

11’2 1.189 1.199 1,27’7 1.162 1.350

123 1.034 1 .0s9 1.173 1.117 1.303

135 0.823 0.954 1.041 1.042 1.255

146 0.6S4 0.826 0.893 0.943 1.182

157 0.444 0.774 0.76: 0.84E 0.720

180 0.125 o,~~~ o.25~ 0.297 0.5s(1

u
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0 .9.-,.

(o,9--

G,9!;

(1.5..

(1,9:!;

1,(1,,

l.<fi$

In:-,

I.lli

1.01$

T.J.ELE B.; DIR EC TIOX.AL RESPONSE OF HIGH-RAXGL GITR DE TECTCIR
( \\7TH 0.13-INCH .\ LL’hlIN-UNl J.iCfi ET ) To BE.UIS OF

VARI(JL”5 R.-LDI. AT’IcS:

Yaks are compmlsmrs to response of unshielded detector to Csi3; rad]ztl~,l]

bean]ed aI top of detector (0 degree or]entatlom. Detector M as rotated a!JOJI

itscentel-]n longitudinalplane Response IS symmetric] about longitud]nd

ax]s of detector.

De LeCIUI 7G-kev l~(,-~ev 16(.,-ke\ Detector

Orlentatlc,n X-ra~s X-rays
(7(J6(

X-rays Orientation
es’”

de: de~

(’ 0.9; 0.826 0.952 1,090 (J 0.96E

lr 1.103

22 1.03! 0.947 1.103 1.223 2<1 1.1;?

30 1.176

4,5 1.02: 0.976 1.145 1.250 4@ 1,192

50 1,204

60 l.~zfj

67 1.210 1.139 1.245 1.261 70 1.240
8(, 1,257

9L 1.29i 1.213 1.263 1.301 9CI 1.264

101 1.19s 1.159 1.’253 1.302 10( 1.272

112 l.l G1 1.164 1.253 1.314 110 1.286

123 1.138 1.153 1.199 1.308 120 1.276

135 0.94G 1.023 1.093 1.289 130 1.249

146 0.781 0.919 0.985 1.250 140 1.209

150 1.111

157 0.709 0.814 0.854 1.133 160 0.911

170 0.590

1!50 0.164 0.262 0.29s 0.467 180 CJ.274
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Note. Items Morked “P’’ore Pumps . Location and desigmtion of film-badge stations

~l~o~w~r~ fireroom (lower level) aboard target ships.

113

.- .=



I

z
o
0
K

L&

C
1-
IL
a

\

L

1 1

455
●

F
down

(71Dlstilllng
c

Plont

IF i‘p 1+ ‘eors
LE=-

‘+:.

_.-o-’.,___ _ _ __–@–__-.

c? 46 I 455457

Figure C.8 Location and desigmtion of film-badge stations
in forward engine room (upper level) aboard target ships.

114

.....-. .



i

I

/

)\
1
I

-4--+ 04TZT!2‘:-t+- ,&-+--- -
,!6

~fl“p 480

)

1
Moin Condenser

‘OQ

w

P
Moln Reduction

@Or ,1

I ‘. Cooler

\ 1.z\
o
0
a
w

—

T
I 1

T T

I

Note: Items Marked “p” ore PumPs

Fifgre C.9 Location and designation of film-badge stations
~ forward engine room (lower ievel) aboard ~rget ships.

115

.F-3w+py_?J ‘>?,,,., -. . . .
.

,+
.“,

* +s



1

OPEN DECK
1

(

/-’ / )

\ I

I
~-

100

GITR DETECTOR ‘0 9 ------//
507 509

511 513

PROVISION

ISSUE

oPEN DECK

Note: DD592 Golley Eqipment Removed Prior to Tests

F,,Wre C.1O Location and designation of film-badge
stations in gtiey (main deck) aboard Qrget ships

116

,,..

.-



,.-
,’ ,-

/“” @L~ER

-a BLO~& - ‘ ‘ ● ,, ~“’ \

~FJ~“ >

ROOM \ ““

ROOh?
/ ---

. . .,’
. .

k

.-

+ TL ‘?;, “

/ “ .
. .

-
., - ./ LMr CO TIP __ -- ‘-

“/
.’

.,, —

‘(7 T

+–.

/—

8 I-J
I

;

>
\

1“

I

I

I
55: (

● I Bo!ler NO 3 i

I \ ROOM

AFT (
FIRE

550

(
,0

r

(

‘m

o

0 0 ‘&IL’ 0
Is

F552 ‘
down

Forword — \

I Elo!ler NO 4 I
lTR DETECTOR

NO 17 556 557

I
\ 558 559

; !z~+n’ ‘ ,:’

,;4-4” II3[
Iii 116

1- 122 129
+--
3D~’ 128 126 LLl

z
G

I

:1

I=

0
L

—
-1
> 1

!
) $ I I

1

--=

1

//
---

ROO~~

I

Figure C.11 Location and desi~tion of film-badge

stat~ons in aft fireroom (upper level) aboard DD 592.

117



)
~. t===

——_ ~ ‘.-
F== ‘-————

RESER\fE ,~<kLT&
FRESH ,.., -<._&TE R

-= ./‘ —..
-,

--
——. --

/--
.

.,. -.<-

5:3

i

-4-

I

“, ~i

1’

1%

\

Boiler NO 3
I

562
●

/’.

WATEC

RESERVE FEED ~EATER

FRESH ~~

L
Note: Items Marked “Pi’ore PUmPS

Figure C.12 Location and desi~tion of film-badge
Stations in aft fireroom (lower level) aboard DD 592

118

,., .



I-’l
,\-

606 I I
f “o . . ..”..4 — \

\

{Be- Gener OIQr
I
Aw 613

607

“Z&

602
● *

UP

z 1’ F= .“. .
Wo

A \
{ Pump F

Note Items Marked “p” ore PumPs

Figure C.13 Location and designation of film-badge

stations in aft engine rwnl (upper level) aboard DD 592.

119



—.

)

I 1
1

i
Ma!n Condenser

I
~ ~~ ,,&

Fo, no, c—

,622

9’=’””

E

%

14-6 ._ 144 142 - 140

P j CN:R2:ETECTOR

b

630 631 P
632 633

p.

o~
P 623

@&l
—- —“

_.— -

~~*- “ .

‘&

dOwn

628 ●m
629
●

624

m“

Note Items Morked “P” ore Pumps

Figure C. 14 Location and desigMtion of f iim-badge
stations in aft engine room (lower level) aboard DD 592.

120

. ..

.



\
\
\

I
\,

10
0
cc

w
E

L

1-
LL
u

●

)

I

\

+
L—

136

/

\

I
I uPTAKE fOrward—

oPEN DECK

2
___.—-+ 126 126

“7

124

I 34 132

SHOP

J

651
\
(

653IL
Figure C.15 Location and designation of film-badge

stations on main deck (midship) atmard target ships.

121

I

.. .-..- f ... -. .-‘“””=”’w



oPEN DECK

703

I

ASSA6~

700

t---Tr--

i

Forword ~

44

oPEN DECK

Figure C.16 Location and designation of film-b-e stations

in crew’s washroom (main deck) aboard target ships.

- ,:*Qpy

~~~~ Ah’@jiL:&;@””i* *@

122

.,, ---- ,-



Orword 4

I
I

5“ AMMUNITION

-—-
180 178 17

HANDLING ROOM

802 ‘ ) I

%-’-)
Y v

3 Berths
3 TL Under 805

(14 Places) ●

Figure C .17 Location and designation of film-badge stations
in ~1 quarters (first platform} aboard target shl~s

123
!
,

... ,. --
. .--J‘-’%w’-~”~ - -.. .$,.. F- *. .

* ..-:,
~,,

‘*%’



I

OPEN DECK

– ●85G -~-,y 206

●
r

\

854

OPEN DECK

I

I
I

5“ GUN ~

Figure Cl@

851

OPEN DECK

\
1
\
i
i(

853 i
;

●

Location and designation of film-badge
[l

stations on main deck (fantail) aboard target ships.

I

\ 124



\

(n f
u )

● 994 g\
3 {

~ GEAR c \

I

7n7 I 700 I
2cle210 ~EN

● 903

w

CARPENTERS SHOP 2.
STORES

Forword~

P
(
)

I
\

125

I

\

Figure C .19 Location and deslgnat]on of film-badge stations

in steering gear room (flrs~Platfornl)
aboard target sh@s ~



Appcndlx D

TAB~LATIOXS 01” GAlllMA-RADI.iTIOX HISTORIES

Appcnchx D is not being published.

The appendix consists of 2 pages of texl. 356 pages of nunmrlcaI data tables (dose rates and d,scs VLI-

sus time ant! Iocation. and the 1*CI. and 3 fifwres that depict the estimated probable errcrs II: a~tr:xt

gamma dose rates and doses (versus time ) on the weather decks of the target ships.

Lnitial dlstribut]on of Appendix D included 2 copies to Headquarters. Defensti Ato]nic Suppnrt .&tfic.

~SV’pET). z copies to Burew of Ships (Codes 341 and 423j. and 6 copies to U. S. Naval Ra(iiolog~c&l IJ. -

fense Laborat@r)

F@aders desirmK access to this n~ore-b~sic data Ma} obtain a COPJ” on request sent t~:

Commander

F]eld Command. DASA

ATTN: FCM”T

Sandia Base. Ne\v hkxico
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